Background: Toothpaste is essential in the process of oral care. One of the components of toothpaste, Eugenia caryophyllus, might have an anti-inflammatory and antibacterial effect. Objectives: The objective of this study is to analyze the effectiveness of E. caryophyllus in the toothpaste against Streptococcus mutans, Lactobacillus, and total microbial load in the saliva of healthy subjects after toothbrushing using E. caryophyllus toothpaste. Methods: Saliva (n = 10, aged 18-25 years) were collected before and 2 weeks after toothbrushing using toothpaste-containing E. caryophyllus (Antiplaque, Triple-Ace, Indonesia). The total microbial load of saliva was determined by the measurement of colony-forming unit (CFU) number on brain-heart infusion agar, at 37°C, for 24 h, in anaerobic-condition. Real-time polymerase chain reaction technique was used to quantify the S. mutans and Lactobacillus deoxyribonucleic acid using SYBR green and 16S-rRNA gene-specific primers for S. mutans and Lactobacillus. Primers were 5'-ATTCCCGCCGTTGGACCATTCC-3' (fwd); 5'-CCGACAAAGACCATTCCATCTC-3' (rvs) and 5'-CTTGTACACACCGCCC GT CA-3' (fwd); 5'-CTCAAAACTAAACAAAGTTTC-3' (rvs) for S. mutans and Lactobacillus, respectively. Data were analyzed using t-pair test with P < 0.05 set as the level of significance. Results: The result showed that there was a significant reduction of total microbial load, S. mutans, and Lactobacillus number in the saliva after toothbrushing. The total microbial number in the saliva was significantly decreased before (5.84 ± 0.43 log CFU/mL) and 2 weeks after toothbrushing (5.27 ± 0.61 log CFU/mL) (P < 0.05). The number of S. mutans and Lactobacillus was also significantly decreased before (8.27 ± 0.11 and 2.34 ± 0.71 log CFU/mL) and after toothbrushing (8.18 ± 0.11 and 1.91 ± 0.25 log CFU/mL) (P < 0.05). Conclusion: E. caryophyllus toothpaste may reduce the number of total microbial, S. mutans, and Lactobacillus in the saliva of healthy subjects. Further studies are needed to explore this result.
diseases. Specific types of acid-producing bacteria, especially Streptococcus mutans and Lactobacillus sp., colonize the dental surface and cause damage to the hard tooth structure in the presence of fermentable carbohydrates, e.g., sucrose and fructose. 2 S. mutans and Lactobacillus sp. are present in cariogenic biofilms and play a significant role in the carious process. The treatment of dentine surfaces to prevent biofilm formation and reduce bacteria growth may assist in the prevention of caries initiation and progression. 3 Herbal agents are known to have antibacterial effects. Studies have proved that herbal agents decrease the bacterial biofilm formations of S. mutans, Enterococcus faecalis, and Porphyromonas gingivalis. 4, 5 Mechanical action of toothbrushing has been proved to effectively remove oral biofilm. 6 There exist many modern treatments and preventive methods for periodontal disease and caries prevention, such as brushing the teeth with toothpaste or using mouthwash. 7 Toothpaste is commonly used to clean plaque on tooth surfaces; moreover, it reduces tooth hypersensitivity due to abrasion and attrition, remineralizes enamel and dentine, and has antiseptic effect. [8] [9] [10] Eugenia caryophyllus, commonly known as eugenol, is naturally found in clove bud (Syzygium aromaticum) and clove oil. Eugenol is commonly used in dentistry in zinc oxide-eugenol (ZOE) cement form as restorative or cementation material, and ZOE is often used to fill deep cavities since it has a healing effect on dental pulp. 11 Eugenol has also been recommended as a desensitization agent. One study found that clove oil dominates peripheral main mechanisms and that the eugenol in clove oil can suppress the sensitive sensory receptors in the teeth. 12 Eugenol is also known to be an antibacterial agent. 13, 14 Despite these intriguing properties, eugenol is not currently a common ingredient in toothpaste. The present study, therefore, seeks to examine whether eugenol-based toothpaste can be effective at reducing the pathogenic microorganisms known to cause oral cavities. Ultimately, we hope to increase both the effectiveness of toothpaste and people's awareness of the importance of dental and oral care.
Materials and Methods

Research participants
The research participants (10 subjects) were patients in Trisakti University Dental Hospital (RSGM FKG USAKTI) who were randomly selected according to the inclusion criteria such as patients without tooth decay, without periodontal disease, with calculus and periodontal index scores being 0, and who do not in orthodontic treatment. All ten patients provided informed consent and were 18-25 years old (young adult). This study received permission from the local ethics committee (019/S1/KEPK/FKG/9/2017).
Collection of saliva samples
Participants were asked to brush their teeth for 1 min, two times daily with 1 cm toothpaste containing E. caryophyllus (Antiplaque, Triple-Ace, Indonesia) for 2 weeks. Saliva samples were collected from the participants before and immediately after 2 weeks. Saliva samples were collected by asking participants to spit into a sterile funnel inserted into a 15 mL macro-centrifugal tube. Each sample was then divided into 2 mL samples which were stored in a cooler and then refrigerated at −20°C until the next step.
Saliva culture
Saliva (10 uL) samples were cultured in brain-heart infusion agar at 37°C for 24 h in anaerobic conditions. The total microbial load of each sample was determined by measuring the number of colony-forming unit (CFU) in the agar after 24 h.
Deoxyribonucleic acid extraction
Each sample was centrifuged at 4500 g for 15 min. The supernatant was eliminated and the natant (bacteria cells) was obtained. Then 1 mL phosphate-buffered saline was added to the sample in the centrifuge tube with a pellet for washing, after which the sample was transferred to a 1.5 mL micro-centrifugal tube and homogenized in a vortexer and centrifuged at 10,000 g for 10 min. The supernatant was then again eliminated and 100 µL H 2 O was added to the natant. The 1.5 mL micro-centrifugal tube was then sealed with Sherlock and incubated in a water bath for 20 min at 100°C. Subsequently, the tube was transferred into ice (0°C) for 10 min. The sample was then homogenized in a vortexer and centrifuged at 10,000 g for 2 min.
Real-time polymerase chain reaction
We used the following polymerase chain reaction (PCR) mix containing 5 µL SYBR Green reagent (Applied Biosystems, USA), 1 µL for each forward and reverse primers, 3 µL deoxyribonucleic acid (DNA) sample, and nuclease-free water. Each diluted DNA bacterial sample was inserted into a PCR tube along with the PCR mix and sealed and then centrifuged at 1500 rpm for 1 min. The PCR tube was then inserted into PCR machine, and the temperature and design plate were programmed on a computer. The PCR result was then obtained and analyzed. The primers used in this research are shown in Table 1 , and the quantitative PCR program information is given in Table 2 
Discussion
In this study, eight participants who brushed their teeth using eugenol toothpaste for 2 weeks were found to reduce their oral population of S. mutans by >50% compared to before the treatment. However, the population of S. mutans in one participant was only reduced by 30% after treatment, while another one participant had an increase of S. mutans in his oral population, with a value of 120%. This was likely due to eating and cleansing habits of the participant. The presence of sugar promotes the biosynthesis of insoluble glucans, which cause bacteria to firmly adhere to the tooth surface. [15] [16] [17] In contrast, Lactobacilli were not as greatly affected by the use of eugenol toothpaste for 2 weeks. Only one participant exhibited a reduction of Lactobacillus bacteria by 50%. However, the majority of participants (70%) still exhibited some reduction of Lactobacilli, ranging from 8% to 50%. Three participants showed a slight increase. Toothbrushing with eugenol toothpaste reduced the total bacterial load in nine participants (90%), including by >50% in eight participants. Overall, the results suggest that eugenol is more effective at reducing S. mutans than Lactobacilli. 
Results
After 2 weeks of brushing with the eugenol-based toothpaste, participants' saliva showed a significant reduction in total microbial load, including S. mutans and Lactobacillus numbers. As shown in Figure 1 , the total number of microbes significantly decreased from 5.84 (±0.43) log CFU/mL before the experiment to 5.27 (±0.61) log CFU/ mL after the 2-week intervention (P < 0.05). Figures 2 and  3 show that S. mutans and Lactobacilli also significantly decreased from 8.27 (±0.11) and 2.34 (±0.71) log CFU/ Actually, dental caries can be prevented using an antimicrobial agent to suppress the growth of cariogenic microorganisms, such as S. mutans and Lactobacilli.
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Studies of cavities in children have furthermore identified S. mutans as the most common risk factor of cavity development. 19 S. mutans and Lactobacilli are both anaerobic, facultative bacteria that can survive in any circumstance in oral cavities. These bacteria ferment sugars from food such as glucose, sucrose, lactose, trehalose, mannitol, and sorbitol. 20 Of these, the most cariogenic is sucrose, which is easily fermented by bacteria. It also functions as a substrate in forming extracellular and intracellular polysaccharides via interactions with glucosyltransferase, which is produced by S. mutans. 21 Extracellular polysaccharides, particularly glucan which does not dissolve in water, mediate preliminary attachment by S. mutans and other oral bacteria to tooth surfaces and thus facilitate the formation of dental plaque. 22 In general, S. mutans is the main microbe responsible for forming dental caries although other acidogenic microorganisms are involved to lesser degrees. 23 Lactobacilli account for 1% of microflora in oral cavities, and some Lactobacillus species are naturally present in the saliva (e.g., Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus fermentum, Lactobacillus plantarum, Lactobacillus rhamnosus, and Lactobacillus salivarius) and produce organic acid using a hetero-fermentative method. 24 Conventionally, eugenol has been used to kill parasites, and studies have shown that it has antimicrobial and antifungal properties. It is also used to treat diarrhea and other digestive ailments; it is thought to kill intestinal parasites and worms. 11 It is therefore already known to be nontoxic and is considered safe as an oral medication. In dentistry, eugenol is commonly used as a component of temporary fillings for dental cavities. It is also used before denture application and to eliminate pulpitis pain or dental hypersensitivity. 11, 25 It is also commonly used as a basic material in toothpaste. 11, 13, 26 Eugenol interacts with bacteria's cellular membranes and functions as a bactericide by causing holes in the bacteria envelope or by causing bacteria cell deformities, depending on the bacterial strain. 27 For instance, it makes the membrane of L. rhamnosus highly permeable, forming nonspecific pores on plasma membranes, which in turn direct the release of absorbing materials. 28 Another study showed the release of alkaline phosphatase which is located between cell wall and cell membrane and normally could not leak outside bacteria indicating that the essential oil can destroy the cell walls of Staphylococcus aureus strains, resulting in the increase of the permeability of cell wall and the destruction of the cell structure. 29 It has also been reported that eugenol's hydrophobicity enables a partition of the lipids in the bacterial cell membrane and mitochondria, thus disturbing the cell structure and rendering them more permeable. 30 Eugenol has also been shown to affect both Gram-positive and Gram-negative bacteria, despite their different structures. 28 However, the antibacterial effect of this essential oil from clove buds depended on its dose. 29 While the minimal inhibitory concentration is still in debate, 28, 29 another ingredients in toothpaste and experimental conditions such as the viscosity of saliva, inoculation of bacteria, incubation time, and the sources of essential oil might influence the antibacterial effects of toothpaste against S. mutans and Lactobacillus sp. However, this should be confirmed in further research.
Conclusion
Our results indicate that toothbrushing using E. caryophyllus toothpaste may reduce the total microbial load, S. mutans, and Lactobacilli number in the saliva of healthy subjects. Therefore, we suggest using E. caryophyllus as an ingredient in toothpaste composition, to reduce oral bacteria. This industrial step, hopefully, will reduce caries and periodontal disease prevalent in the world, especially in Indonesia.
